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(57)Abstract: 

PROBLEM TO BE SOLVED: To enable simulation of 
visibility associated with oscillation, distortion, blurring or 
the like when a lens system such as progressive power 
lens is worn. 

SOLUTION: Eyeballs are turned toward every object 
point within a visual field, images are caught at a central 
cavity and put together to form an image, which is 
defined as turning retinal image and the image thus 
defined is generated using an image at a specified angle 
of visual field coming into eyes having a specified center 
point of turning as original image. A distortion original 
image associated with a distortion as obtained when the 
original image is seen through a lens system is 
generated using a light beam tracing method. PSF on a 




retina is determined as to an eyeball model by light from an object point of the original image 
in an optical system comprising the lens system and a spectacles model and the PSF 
undergoes a convulsion computation with pixels of the distortion original image obtained and 
the original image. The result is the turning retinal image. The turning retinal image obtained 
is edited to obtain an animation image of the turning retinal image. The PSF is determined by 
setting a sample point at the object point and the PSF other than that using the sample point 
is determined by a method using an approximation method containing a spline interpolation 
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tanr=z/xtt5. CCT. (StrittP (x. 
y. z) omnv&Z. Wrt©&*rit£*£©m 
*T?a-ti«^ia±©ffS©il^*sia)SlilBli«l±iI«<b 1/ 
c©g«£T^{fc&&£OOTft*JINmfc£ 
f*. *fc, P <x. y, z) ©Bftttfr 

[0025] ( 2 ) SftJKHftfftKrS 

c©XHtt. lg©fj«:iBBT-5u>X^±K:logB^ta 

o. a»4Mi4Wfo*i* &a«f otitis* 
'CMmmm&zmik o . la^c^tr^ 9 xb*xk 

*. C©W>X^BftftlKcfctt£RHft©&BJR© 
*tt5T *«rtfe£^©»K©;frfii;fttf u 

U>X^{C«t4S*^©/cBft*^ 

[0 02 6] ?Ut>%> 03fC^3tl4J:^K:. 02 (C 
*jW4B£0 £ A©*BK*rt** 0Ki&,»<MBC U>X 
L£BBg"3"€>. W0ftBrt©«*je*6H«f3*ifc# 
«ttU>XLfc<fcoTBtr3tiTO£.fcIfljl-j-4. OA: 

* i oT > A.^*atat4/c©«c«ss»*o B^isncisiw 
«cwtitf«c6ttt>. ttRia-rauBflJifeB, b,b 
, b 4 a>>x&mmmm) *©t*©att 

«#«x 'M«S8UR <«W>8UI) i0teB«**4 
6ft»htfft6to>. cti*l/>X±«jS©JBH»*#* 
OTTfe^ilSJftcj: o -C**. C 5 0T#tf>fc»f*j4[B» 

[0 02 7] Ajte, ±31©=!:^^, U>X*flL/cJ» 
^, «Wn©ftM(©ElttMfffl(±©BflWiBK©«^4 

fflfigwiio^fc-rs. »KjRjiu>x©«^«afb*J 
»ot». twrt©»©#KfeRKAit«aiewttfc 

0> Wc3RMP>X©ii^*©»b&i^«itft©"C. B 

[002 8] (3) PSFiRfflg 
C©ISB, R©*|t3fii OTiSie^Iolfi^^T 1 ^?:^ 
AO. MB#©#iS^Cc*fO. BHftffifiSIS-cseti 
fc«»tt*B«i . 9*BMtfBa2B?ft 6 tifc«fls.^ 
*> 6 IHIW 4S36B© o > XjfiiMWSKte W 4S^CC^ 
bttXEa*^l/©»fflittB*B3eo. U>X*i*© 
Sjte^ltlK^tottrHBLfcBJ**^^©^*** 
3RK^>"C. «ift^[36> etiiW-r 4*»{C «fc SPIgSMl^Bg 



( 

(7) 

11 

m*7 : )\<<Dmm±<DMmfttt*mtPSF (Point 

Spread Function: •£y£# l 9H&) £ 

[0029] ®imttso8m*:7 ! )i<Dm\ 
stemm*?**©?. ifi©3fc?*©*:r;u©i»A#!# 
ffl^&sot?, *ti«>*aiuftwti«ft6fti>. c©n 

jSPflTB. BSffifOT btdSM^TiW&iR • N 
a v a r r o fc^J^IM^tt^tf^Sfli^fc. 10 
Na v a r r o©*^Tttifi*M8©*tt&-i*. IfcffiiR 
Hi feJRg *> E©^SWfi{C^feti * «fc 5 K ft o T I . 
ffi*ft 4 ffiBftSr. *<D ) % 3 ffittI^fcffl»D#«Iir 

-©S*»{CtfcWl/TSE<tf*. 04(CNavar r o© 
IIWt^ttK»*f t A©«iaWB«©* i ^< 7 y - * Zrjk 

btc. tit. ®$Kmmm?^tzrt7M-2<Nm&* 

fnL1t. ftWMlty' + z' + (1+Q) x' -2Rx 

= orasfis. QttaratBire**. 20 

[0 0 3 0] ©PSF©fr# 
a. PSF©^« 

-ttfc. 3fc¥*KO:*3l&^tt*gsjR©PSF (Po i 
nt Sp r e adFun c t i on : j*UE#»3WB) 
Cft£3SH&4g#i£#S5£ ( c o n v o 1 u 
t i on) £ffft5 CtV##>P>hZ. C©PSFB> 

Hefc^Lfci^K, n©tt©-*>e»fit«snfc7i&iig 

B»e*o. ¥ttarai*fc»)©x#7 h®vm?ct& 
t*4. ro±&3t^r*ntfPSF»^*{cT^r 30 
©x & -j h wmt *) . *©^!rt4ait«cBMli ft 

i*a*»6*«sn-ci>s4*it6ns©r. ^»©»k 
p s F©a u a —> 3 y-Q^omtnhH 

2. 

[0 03 1 ] b. PSF©tf*Wi6 
H7ttflrffcgP*. U>X±©Q^iiUTS)t»^© 
PSF**J&Sfc©©*¥JR{c*jl»Tiffl»**!tAI« 
©H«*^-rHr*«. 1W**P*6©36l8tt. u>x 
SEQj£rJB9r«**i. WtU^AUAftl/v at^OKK 40 
mtZ. Efctt«Kt^P*«Wa*«DS»l3lQO©gfiliLt 
tc*S«t5KS*4. C©«fc5K. p*msi#«*r 
BR*©#tt*Q02fiajK:BiSU -tLTPOHaMa.fctf 
QjS©HJf*K^tottTH»K*fta). MKtff 5. C 
dMMV^mim * »J . P S F c £ #r * 

[0 03 2 ] ±j$© J; 5 K. P S F ttftffoSfrfcfiWH 3 
ft. AI*B4^(c^»0rc^»©{S«©4>'i:»4jKi0 

&#«©. mm±.<Dz#v \-<d®&?$>6. aim© 



(' : 

#59 2000-107129 
12 

^©£®:*.©ftg*iftft*o HHHfrfrOfflBl* 
@£r#> S 9 * . tt?l©±fc®L«5 i ©Ett^WSKK Jt 

**»$./c#. x g u >x©*B^aag(c 

-##lft9. *©ttfijWR»{c»fcr*. -£©^{tS*> 
»<*e»KikRor»^r*s©T?. AWB©(4g«p 
Q©fifi*Lh©0 ' jSK* 9 . P O = PO ' 4<Kjg-r* 

[0033] iESIft P S F A»lfi£i£- 
S. lH^ttfil>*WWfcW»6ftS*i. HW©»IRft 

i>. -#tt«^rttffl©i»t^^*iB*r s . 

HW©ttWft*PKOrx#» h©lWtt*±t/ict 

[0034] C©Jr^{C, PSFtt*f*j*W»i&»Hl,"C 
AIW©$^tI&*U?*^©ftill*iBBIt/. M 

C©PSF{*IBIifiig (y. , z. ) ©wsrc&f). m 

*s. «4^^©^i^ (y. , z. ) i&%n*>6)&i>© 
•c. iai**^©^?r3iffl-cts 0 -o*^^ 09©*^ 

K. (y. . z. ) K»l£-r*A««ai©*ll*6©fli 
ft (5. , r. ) tttan/3. =y. /f . tanr. 
= z . / f r* 4. cc-c. f BW»©MbiaeKrft 
4. M(cB4Mm&S©mmKJ:0Altft&IH 

«ta«©H^«jat>*3W. a©i»^ > ^ftsisim* 

[0035] H7©ffiWSrt*:^P*Sft:»^*#ilS 
4, »M(4g (y. , z. ) KWj&rsaaKWJi&Oft 
SB. P©*l^)ftg (0, t) *>63 6CC (/3. , 
T. ) «ftL/fct©-C*4„ CC-ca*Ufcl>©B. * 

©ftg[4-©{c <0 + 0. . t + t. ) iBfter, u 

^f--f >f@jB©ffiIiJ*fl9l»T*©4 s iW36i*S. C© 
ct^tc. *^iigfr*©/c»3Ji±©PSF (y. , 
z. ) £Attft|gftM§Lt©PSF (V, C) (c^ft 
■T^Ct^-Ct, «(t©W]t»*i©3>sKjU-i/a> 
*5nJ«6CC ft o /c„ H 1 0 K. JgLUHl t fc P S F BW§© 
«BS*«*«ftTP S Fffif#^a-4 LriKU/c 
[0036] (4) g^ii^Ifi 

/c§ii^©P S F 4©g^ii^?gg ( c o n v o 1 u t 



( 



(8) #Bg2 0 0 0- 1 0 7 1 2 9 

13 14 

ion) zntHK (ssE»c7csracciegufc<s^(* *&cbtf*psF£p (x, h. u. v) ttht. mm 
a b xmc®£<D®mm®&z<mtzxm~c$>z>. a [0037] 

8(miv)= J J/(«,v)p(ii,v,ji-/i,v-v)dkirfv 

v-wft-a 



[0038] CCt, p (u, v, u-iu, v-y) « 
&&(u. v) 3&>6 (u-/i, v-v) MtifcjAlcfct* 
SPSF©ffi-C*S„ £/c. a«PSF©(A*H3¥ar 

c©5££ffli> t JMUho^-ro^Kfet^jHias 

£#&SCifCj:f) t EI)|giNIJi#©#±Bi^»-5C<!: 

]^S8)l^©il±iB^©0II%^-r0-C*S„ c©Wtt*B 
mo. 0 0D *A2. 0 0D©Bgigffl^itU>X 
(HOYALUX CP; *--H*^Ktt©iSa D B £) ©pfifflSi^* 
MUT. *B(Cjb<SEPMtt«333ni ©ffiH-Cjt/d§£© 

4. *±ps©n^«*'C4m©u>xiKa*i4B4^r 
^©a^r*^. c©aa*<4s«, hthmwo'c* 
&t>#. n^rt(c^e©*-c^§ns„ c©Fmtu> 

X©*»**U R»2rt©#<l>{Ctt 3 tifcjSttU >x© 
<±) RE«SffliM5&£ (T) tiRt. R£**IHCt/fc 

««©u>xiiffl**Jiamsij^ <t©o) ±(c*^Ji 

[0 03 9] C©*ltWK:j:;h«. 8jt£gu£u>X3; 

zm&isyxzmiL tetanic « . &»©-gis©#j&$# 

C©fStt«Ccj:ti«. *©J:5&;S»#WaiJtra'C* 

[0 040] <HttW2> tomtWtt. HflfflUtcfe 
tt&Bt^tt*©ftiMife£. IS©{4S£jmfrft£^ 
*ft#6l*»Wfc£ttfBfcU llt£Mfitft©ttHfe&& 

*0Jt&s. LfcA^t, MiiKjij, smtizfffi, 

titc lfe 1 tt©#±H**«60TttiBfcKTSIlI£ 
%#ftW-S^«»*W(cSIS6Wl 4|5H;-c*4©r. 0 



10 l l K:±ft©§£tv^^-r0^lfT^©i¥ifflijiW«^BS 
•r^o ah- y-tet*, L/>xa«*©^ h-u 

^©^i urii* ^r©^r©K©ffiiS. gUft&A 

[0041] ic5r > c©jijm»c*«,>t. itn^a 
t!Fft:«k«>«niB*iBr*xa#PSFRflns-e**. # 
jc. u>x^#£ji^j&*>>XT;& £r 
©tI£ttf|6|«:*W* P S F &mti Ztctb, ^-C©iffl*{c 
20 ttbXPSFZ#ibZ.jm&i>Z>. «*.«. soo xeoo 

©h&-c. psf t%iamtz>%m<D#tkz 

400 <»1/-C^<&1») 192,00 
o.oooliJIMIiBWWiff^CiKft*. #¥£©ffi© 
WIS^lBfRK a *©«#«*»## 

193, 000 ^i^-r 64,000&\ 0$ 0 178#Rfl46ft 

■c. -»ra©^^{^-r^fc2i){ci800t5(©iB^*^s 
30 al/-^3>bft»n«tt6*l». f££, XMtiBIt© 
B#ra^:WC4>32,OO0^FK = 1333B > **J3 

PSF tjtgBaK^tfKHoTJRfeSC 

t». wmmicwsjitmtfi. w-**©K*s*»6#it* 

[0042] -ecr^^fcoa^ -r^-c©^^.^ t 
■c*iii»-rs©-cttft< . «*.^wK*iiii»*ff 

i>, ^©f6©*«:ociT«^X7-<>Wr**5^ 

■C*S„ Slffl±ff*^iAtt» (x. y. z) r 

Iffll/C Bg^©»^IS*>e»©ISi§l*«SAj:© 
40 Stt^^eoeMOiKftD, 4*{4ft©jE«0. 

[0043] 
[»2] 

[0044] ^A*^»-r4ffit3l6l8. -f&fr 

^<SA*fia¥ffi±ffi^* (y. . z.) ZMMtZXM 

(«MLh©5^cc*fa;-r 
50 ^>AI«^©t k. . cf. , X»fttt£) «. D, . 



15 

</». y. . z„ ©«&?&£, ?t£t)*>. tk. = 
F t (D, , 0, y. , z, ), ck, =F t (D 
i . €. y« . z, ) . p k. = F„ (D, , 0, 

y. , z, ) -cast-rat £#-c* a. eiRft«# 
d, . 0, y„ , z. -en-e4acDgf^i6iart(ci^ 

[0045] *(c* 7=y A >MttV©X»{t£*tt? 
[ft3] 



(9) #PB2000- 1 07 1 29 

16 

*?m2inz>. ccr, i tt«&7E©»ja#*. c, tat* 

tt) . Wr»!M.*4. xO£MWia>j&ffiKalCiit>? 
£<TM<l©-tz*ar&t,>N, (x) uft»#&Ut 

*«. x=aK*»l>TB3(l9tM5l'C*»). MBOmmt 
10 MHOJSWlcrF (a) EXxX77<(> 

[0046] 
[ft4] 



1=1 



= Z Cw^-dji W(C)^(r WW) 



[0047] -casna. ccr. 



k, 1, m * L/#1024@, StW#1024X5 = 512O0t¥9C ifCft*. 



WT**. ±^©»EMi!!©^SPf4{c «fc 9 . * 

S-*{Cot»T«. •tfOTftl»flr©«tt. #*5E©»« 

©»"C*S. S^7C©^7'7^>Pg^*54©Jt^ > Jf© 



HKftfCtt. n jiJ0c©MB^^9^>|flHa»K.iW 

[0048] 
UR5] 



-z 



z(z(z(z«^^ 



[0049] K»*»-rt. ^F«6-rct*i-cta. 
ctitt. l ^7c©fflffl©^x httiir^o , %7c©«# 

4 + 4X (4 + 4 X (4 + 4 X 4 ) ) ) = 13640?* 

K>, te«l/3©tt#B$|ffl-emf. HlMWctt. n j^7c 

©mpix y >if mmtc£«ttjm**©iiiK«. 

[0 05 0 ] 
[ft8] 



[0 05 1 ]T*S. C©*9«C*«t»0l>nTfe. 



>fflia©?s*«ra*±iB©^ffi«fc o Kcciiti *■ 

4C4ttHJtr**9. 0*>U PSF£#«>£t8£ 
40 {J> *©»J*tt*fll0it.K:. t>o£Sttrs#jfeW* 
a. ftttJ:-i£ (Do . t/.. . C, ) ©PSF*3fc6£ 
fcftKtt, AWttffl (y, . z. TH) -k£Sfc («*.« 
400 ) ©^<b*SA*»f t -**» j i»r*S. 400 B£% 

feU -£©400 @©filiai4— ^7CX^7^>ffl 

rartf^tf. thJWiai©^®s«36«ii«B-c*a. 2*55 

[0052] 
[*7] 



i 



(10) 



4#g82 0 0 0- 1 07 1 29 
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18 



W,.*,>-Z«iJW*.<*,> 



[0053] C ©jSt*. 77 >£RB© 5 ^ . * 0 #(17 &3F|ffl46#40#) ^640O#(lB#ffl46»4O#) (Cfi 

,,</»..£. ) oMiism&Di*. c... ana*?" io ^i-s/cA<DH-»^fc-,i^ffl*i*>*^©-c. -eti* 

»JgM^«^-C£^7C^7*7-f><!:|iI-r*^ 0 c [ 0 0 5 5 ] JB?StC (D„ . iK , S. ) © 

,.. <M»tt«*j^tt©sir. y 0 . z. M^x-e-n^ti psF*BXff-r*{c« > ^omsamtMtwm 

*ut, »6n/cc,,. *m^x, y„ -z, ffi±<fg o 4. l-ci>*«^( ma 

Lfc*iot, 8U5]©H^7cfflrfl<b400 @]©z: SRNtttCifiOtf. j£©BK:tSte>«£ ( 

■tevimftnzn *> * c tew** p s f z i>) &tmmcxz>m®Lft'j>u < . 

ctifi-cti. WitnomAt. ax {4 / (4-i ) } 20 i>. -en4*^'--rs/c*K«^i-*T^»©^*^ 

(4 1 -1 ) + 400 X {4 / (4-1 ) } (4 1 -1 ) = 1480 RiftS. *CT?. P S F 4* e>*PDi?>aMW£M;g 

4 0-C&9, l^&/c0^J37ilr*S. 400 IhI©^ U ^©^7^-f ^^^©^-^^rffl^T^TW 

Tcffl^io^ it«©fM556*»^*-c*s<, ±te©# &£j:5{frft«. ±ia©^u>v^6attm-rsct*5 

#f#e>ti£. 012CC. «JJtt«l/fcPSFB»©*M **«>4£>g#&<> «*^43e*-C. X -f >»|B! 

3W&SI&-CP S FKff^fife-i Lt*l/fc„ (Z#tc) rsfcefc-SC i^-ctS. 

[0054] PSF©^7y-3?^b?:^T€.. [ 0 0 5 6 ] 3T> #^&££%fcW&&C?- ft« <U> 

±^©a0. #*£^-*£^jI8fr©ftt>9 5CX7 , 7'f ©^©^(CO^T^tt-T tai/^tCDP S Ft*tilCD 

mbtc. ^tifcL/Tfe. -^©ws^ms-r*©^ 30 %.htiz>. 0*9. 

3^8 *£(44 *£) <Dmm&®*> 4.4 »^K)Sttt/ [0 05 7] 
fcfciiff&K 1 nv^/cOO^a^ra-Cl^i^ 6400* [|&8] 



tW)= 



■■i ■■■ ■ ■■ i i,au r — ; 




[0 05 8] Ctt, ix, ultZtl^tltK cf£fa©£ Xo u >0 





50 



( : 



(11) 



19 

mm 



f 

) - 



p(c)=JJ/Oi,v)(f/«fv = l-exp 

t 



2000-107 129 
20 

* [ o o 5 9 ] 0 1 3©<t5sc i?{g^nB. 
mmo a/a v t ptc&-,rmwtbhti. *w&c 

mzmzt. c = i ©i ^©tfRtt, 

MU2] 



2(1- p 2 ) 



, sin0cos0 sin'l 
2 /^-— — + — ~ 



1 

2 



[»14] 

1 



r 3 = 



2(1-/) 
/4+J»cos(20-2a) 



/4 = 



T' 



20 



tan2a = 



2 a 




©Soffit £/Ml oi«3ttROSf®IAOSS«. 



r— . = 



Li. - 



»_2(l-/> 3 ) 



30 



/I -J? 
^ + B 



^«|(Dftg«aia + 7t/2i-C$>5. Ctl6«#* 
I 0 0 6 0 ] C©<t *) r^TtiFJi^f&Wtfctt. J£# 

k;£?^P S F ©^^©ftl&C J; £MS(ci5<,^t£ 

„. p*, m.?-* iph^^m^n^ht, 

CtS{ 1 6 ] 



40 



ccr, Ntt^^r, (a, . v, ) 
ffi£-C*S. a. „ , a, „ , p«&< *-C#fc©i&lt 

»^iSS-C«*^o H14«-e©0il£7*OTl,>£. £fflfl 
©llj«^©$L£«g£mL. £ffll©llj«CT„ , . 
a„ „ . p£A5;<-££ btcJEM^^bX^i). 
[0 0 6 2 ] m 1 4©J:5ic t cr„ „ . a„ „ . P^rit 

itfflWf&.ki'Mito. tr, = ka, ( , a„ = ka„ . £ 
3lfflT*i« > ^©^(C^OiSC^WffenSi 

cn^o^-a*. ^{t*^RrtSP©«S$p (c) 

t*m. C ©M^ili^CC t > h C ct 5 . 

f^jt — $1flo * = kir, , . a, = k a, o . pCcg£ 

jgo/c»^©Ea^©p ( c ) ft*awp k (c > = i 
-exp (-c J /2 k' ) -c^s. ^himm^o 

[0 06 3 ] 01 5«. 01 4©{&1©P (c) . P 
, (c), P r (c) ©«g£7'D? hU/c4>©-C* 
£. PSF#ft©&<«£*&£i§£. #K:t^i>g|$##S 
St?**. L/ctf-oT. cA5/h3^H$©P r ( C ) 
K&S^fi^P,, (c) #S*U». ©tltffla„ „ 



50 a. 



p£^©£g»/BUd#£©«P (c) «, 



( 



(12) 



21 



is^p, (c) tttith-cfco. &{&.mm®t 

l/TB^RSr&S. -#k = 0. 65<5(j, =k 

a, o . a. =ka. , . p^rjSfflL/ciE^flJCDM 

P» (c) B*H>ttifi{CP, (c) fiilSii-grrsg|S# 

1 6 Ba, = k a„ o . a. = k a„ 0 , p ^riE^i^^ 
±*ll©^4©Jfc«r**. 
[0 0 6 4] COHS&ffl-CB, k©I^*^{CSfc^ 

■c. «T©*ffi«K-»ri»4. sr, p r (c) mt 

Pi ( c ) ffli»©3&baj5A©fi$P. ©il*8W>*. 10 

fybtti&mfotmttx^ cctbp. =o.i it 

S. P (c) ftgLtP (c) =P, ©£-CB. 
C»17] 



= 0.459 



1-Po 

-C**„ P r (c) |ft*§lA*©c=C r k = 

C r /C„ 4ftS. 

[0 06 5] (0RBP r (c) iP 

k ( c ) i ©M£*<otti2-e&/N;:f s ft i* ) e> n 20 
w*^ra±ffE-* (D, . 0, . C. ) ©PSF*Hi 

„ , p£5fc&S!&g#ft<. «3MTC©a. . a„ . p 

jgicbbvcoa. . a„ , p*^77-Y>fflra-C*fe5 
c£#-e#s. **ucj:->t. itJM*nil**«cffls*&T? 

#5. 30 
[0 06 6] PSFftttm&Z'^S-fittZCtK. 
ir>t, 1 3^/t9©«iaNFlffl%ll^iai46»40»*>6 

2 -lQ^gstcjsffi-rscifc^b/c xrasmccts 

-e*S„ -»ra©tM**fto5fcra©{c. fc<fc-£iooB$ 

in. ^ssonimgBrc**. ni7cc. eujwLfc 
p s f Mzmmmzm&x p s f t i/t 

[006 7] JbJfi©*H«2teJ:ft«. £itm£U> 
XI?©U>Xj&£»UTjl/c4tKft:13ftS#^>fl 40 

*Kter, ^fia^A/co^^iiL/fcit^© 
mmmzmrMmcm^tz c ice <t o , */c*»feg 

[006 8] *«C±aS©||j|«'C*l/fcJ/ S ^ > 3 
>£tT ft 5 fc»©SBfc-oi>TlB#K:BMI!-i- S. H 1 8 50 
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CLAIMS 



[Claim (s)] 

[Claim 1] In the simulation approach of the piercing-eyes study system 
which carries out simulation of how when observing the external world 
through the lens system arranged in front of an eye to be visible As an 
image perceived by the eye through said lens system, it is not the 
optical image projected on the retina side of an eye. The simulation 
approach of the piercing-eyes study system characterized by creating and 
using the winding retinal image defined as an image which connected the 
image which was made to wind in an eyeball to all the body points within 
a visual field, and was caught by the fovea by computer simulation. 
[Claim 2] In the simulation approach of the piercing-eyes study system 
which carries out simulation of how when observing the external world 
through the lens system arranged in front of an eye to be visible As an 
image perceived by the eye through said lens system, it is not the 
optical image projected on the retina side of an eye. As a process which 
make wind in an eyeball to all the body points within a visual field, 
and creates the winding retinal image defined as an image which 
connected the image caught by the fovea, and it is made to use, and 
creates this winding retinal image The subject-copy image creation 
process which creates the image of the specific angle of visibility 
included in an eye with the specific winding central point as a subject- 
copy image, The distortion subject-copy image creation process which 
creates the distortion subject-copy image accompanied by the distortion 
at the time of seeing this subject-copy image through a lens system 
using the ray tracing method, The PSF acquisition process of calculating 
PSF on the retina of the eyeball model by the light from the body point 
of a subject-copy image in the optical system which consists of a lens 
system and a glasses model, The simulation approach of the piercing-eyes 
study system characterized by having the convolution operation process 
which carries out a convolution operation with PSF of each pixel of the 




distortion subject-copy image for which it asked at the distortion 
subject-copy image creation process, and the subject-copy image for 
which it asked at the PSF acquisition process. 

[Claim 3] In the simulation approach of the piercing-eyes study system 
which carries out simulation of how when observing the external world 
through the lens system arranged in front of an eye to be visible The 
virtual body by computer graphics is created and arranged in virtual 
three-dimensions space. While creating the image of the specific angle 
of visibility included in the eye in which this virtual body establishes 
the winding central point in a specific location, and has the specific 
direction of a central vision line as a subject-copy image The subject- 
copy image creation process of finding the body point distance which is 
the distance of the body point location and the winding central point of 
an eye which each pixel of said subject-copy image represents, Set up 
said central vision line shunt on the lens system arranged before said 
eye, carry out outgoing radiation from a visual field core body point, 
and it passes through said central vision line shunt. When the visual 
field which asks for the beam of light which goes to said winding 
central point by the ray tracing method, and makes the direction of an 
outgoing radiation beam of light of this lens system searched for a 
central vision line is defined as a lens system passage back sight field, 
The distortion subject-copy image creation process which creates the 
image which asked for the direction and lens system shunt of a look to 
the body point that each pixel of said subject-copy image in this lens 
system passage back sight field corresponds, by the ray tracing method, 
and includes distortion by said lens system, The body point distance 
which introduced the eyeball model corresponding to accommodation as 
optical system of said eye, and was acquired at said subject-copy image 
creation process to each pixel of said subject-copy image, According to 
the frequency in the lens system shunt of the chief ray which carries 
out outgoing radiation, the accommodation condition of said eyeball 
model is set up from the body point acquired at said distortion subject- 
copy image creation process. In the synthetic optical system of said 
lens system and the eyeball model which wound according to the direction 
of a chief ray The PSF acquisition process of calculating PSF (Point 
Spread Function: point spread function) showing the luminance 
distribution on the retina of said eyeball model corresponding to 
accommodation by the light which carries out outgoing radiation from 
said body point, The convolution operation (convolution) of an image 
including distortion by the lens system created at said distortion 
subject-copy image creation process and PSF of each pixel obtained at 




said PSF acquisition process is performed. The simulation approach of 
the piercing-eyes study system characterized by having the convolution 
process which creates the winding retinal image at the time of seeing 
the virtual body arranged to said virtual three-dimensions space through 
the specific location of said lens system by the specific location and 
the eye of the direction of a look. 

[Claim 4] In the simulation approach of the piercing-eyes study system 
which carries out simulation of how when observing the external world 
through the lens system arranged in front of an eye to be visible The 
virtual body by computer graphics is created and arranged in virtual 
three-dimensions space. The story which changes and looks at the 
location, the direction of a central vision line, and lens system shunt 
of said eye to time series is created. The simulation approach of the 
piercing-eyes study system characterized by each thing for which a 
winding retinal image is created using the simulation of a piercing-eyes 
study system according to claim 2 or 3 at the time, this each retinal 
image is edited and the dynamic image of a winding retinal image is 
created according to the story. 

[Claim 5] In the simulation approach of a piercing-eyes study system 
according to claim 2 to 4 said PSF acquisition process Outgoing 
radiation is carried out from the body point which each applicable pixel 
represents, and it asks for all the data of the beam of light which 
passes along each point which divided the entrance pupil of said eyeball 
model equally, and set it up by the ray tracing method. PSF as beam-of- 
light spot distribution density on the retina of said eyeball model Or 
the simulation approach of the piercing-eyes study system characterized 
by asking as a diffraction integral based on wave optics. 
[Claim 6] In the simulation approach of a piercing-eyes study system 
according to claim 2 to 4 said PSF acquisition process Set the body 
sample point of a finite number as three-dimensions object space 
beforehand, and the passage sample point of a finite number is chosen on 
said entrance pupil side. It asks for the beam-of-light data based on 
all combination with said body sample point and a shunt sample point by 
the ray tracing method. Create spline interpolation multiplier data and 
outgoing radiation is carried out from the body point which each pixel 
of said subject-copy image represents. It asks for the beam-of-light 
data which pass along each point which divided the entrance pupil 
equally by the spline interpolation method using said spline 
interpolation multiplier data prepared beforehand. PSF as spot 
distribution density of a retina top beam of light Or the piercing-eyes 
study system simulation approach characterized by asking as diffraction 



integration based on wave optics. 

[Claim 7] In the simulation approach of a piercing-eyes study system 
according to claim 2 to 4 said PSF acquisition process Regularity of PSF 
carries out the approximation of function, express with the parameter, 
and the body sample point of a finite number is beforehand chosen as 
three-dimensions object space. It asks for PSF in all body sample points, 
and its approximation function parameter. The simulation approach of the 
piercing-eyes study system characterized by creating spline 
interpolation multiplier data and asking for the PSF parameter about 
each pixel of said subject-copy image by the spline interpolation method 
using said spline interpolation multiplier data prepared beforehand. 
[Claim 8] The simulation approach of the piercing-eyes study system 
characterized by displaying whether it is the image with which these 
images let which location of said lens system pass on said image display 
means in the simulation approach of a piercing-eyes study system 
according to claim 2 to 7 while displaying the dynamic image of said 
winding retinal image or said winding retinal image with an image 
display means. 

[Claim 9] In the simulation equipment of the piercing-eyes study system 
which carries out simulation of how when observing the external world 
through the lens system arranged in front of an eye to be visible The 
virtual body by computer graphics is created and arranged in virtual 
three-dimensions space. While creating the image of the specific angle 
of visibility included in the eye in which this virtual body establishes 
the winding central point in a specific location, and has the specific 
direction of a central vision line as a subject-copy image A subject- 
copy image creation means to find the body point distance which is the 
distance of the body point location and the winding central point of an 
eye which each pixel of said subject-copy image represents, Set up said 
central vision line shunt on the lens system arranged before said eye, 
carry out outgoing radiation from a visual field core body point, and it 
passes through said central vision line shunt. When the visual field 
which asks for the beam of light which goes to said winding central 
point by the ray tracing method, and makes the direction of an outgoing 
radiation beam of light of this lens system searched for a central 
vision line is defined as a lens system passage back sight field, A 
distortion subject-copy image creation means to create the image which 
asked for the direction and lens system shunt of a look to the body 
point that each pixel of said subject-copy image in this lens system 
passage back sight field corresponds, by the ray tracing method, and 
includes distortion by said lens system, The body point distance which 




introduced the eyeball model corresponding to accommodation as optical 
system of said eye, and was acquired at said subject-copy image creation 
process to each pixel of said subject-copy image, According to the 
frequency in the lens system shunt of the chief ray which carries out 
outgoing radiation, the accommodation condition of said eyeball model is 
set up from the body point acquired at said distortion subject-copy 
image creation process. In the synthetic optical system of said lens 
system and the eyeball model which wound according to the direction of a 
beam of light A PSF acquisition means to calculate PSF (Point Spread 
Function: point spread function) showing the luminance distribution on 
the retina of said eyeball model corresponding to accommodation with the 
beam of light which carries out outgoing radiation from said body point, 
The convolution operation (convolution) of an image including distortion 
by the lens system created at said distortion subject-copy image 
creation process and PSF of each pixel obtained at said PSF acquisition 
process is performed. Simulation equipment of the piercing-eyes study 
system characterized by having a convolution means to create the winding 
retinal image at the time of seeing the virtual body arranged to said 
virtual three-dimensions space through the specific location of said 
lens system by the specific location and the eye of the direction of a 
look. 

[Claim 10] In the simulation equipment of the piercing-eyes study system 
which carries out simulation of how when observing the external world 
through the lens system arranged in front of an eye to be visible The 
virtual body by computer graphics is created and arranged in virtual 
three-dimensions space. The story which changes and looks at the 
location, the direction of a central vision line, and lens system shunt 
of said eye to time series is created. Simulation equipment of the 
piercing-eyes study system characterized by having each means to create 
a winding retinal image using the simulation equipment of a piercing- 
eyes study system according to claim 8 at the time, and to edit this 
each retinal image and to create the dynamic image of a winding retinal 
image, according to the story. 

[Claim 11] Simulation equipment of the piercing-eyes study system 
characterized by having an image display means to indicate whether to be 
the image with which these images let which location of said lens system 
pass in the simulation equipment of a piercing-eyes study system 
according to claim 9 or 10 while displaying the dynamic image of said 
winding retinal image or said winding retinal image. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the simulation 
approach of a piercing-eyes study system and equipment which carry out 
simulation of how when observing the external world through the lens 
system arranged in front of an eye to be visible. 
[0002] 

[Description of the Prior Art] As what indicated the simulation approach 
of a piercing-eyes study system and equipment which carry out simulation 
of how when observing the external world like [ at the time of wearing 
glasses ] through the lens system arranged in front of an eye to be 
visible, the equipment of a publication is in JP, 8-266473, A concerning 
application of an applicant's for this patent point. 

[0003] Equipment given in the above-mentioned official report performs a 
PSF operation etc. , and carries out simulation of the sight image of the 
range which can be overlooked when human eyes wind, where a spectacle 
lens is worn. It came to be able to carry out the simulation of the 
sight of the large include angle accompanied by winding of the human 
eyes at the time of wearing optical lenses, such as glasses, by this. 
[0004] 

[Problem (s) to be Solved by the Invention] By the way, displeasure, such 
as a shake, distortion, and dotage, may be felt instead of achieving a 
bifocal function, when a progressive multifocal lens is worn especially. 
So, suppressing displeasure as much as possible is called for, realizing 
a bifocal function in the design of a progressive multifocal lens. For 
that, it is most desirable for the designer itself to get to know 
beforehand whether the designed lens is a thing accompanied by 
displeasure, such as what kind of shake, distortion, and dotage. Since 




the simulation approach of the above-mentioned conventional piercing- 
eyes study system can carry out simulation of the sight of the large 
include angle accompanied by winding of the human eyes at the time of 
wearing optical lenses, such as glasses, it is very useful to the fixed 
purpose. However, it was not what carries out simulation in an actually 
near mode to human being' s consciousness operation, taking into 
consideration distortion, dotage, etc. which the wearing person will 
feel. So, when a wearing person wore the designed lens, a wearing person 
was not necessarily enough to the purpose that the designer itself gets 
to know beforehand whether it is what actually feels what kind of 
distortion, dotage, etc. And when it actually wore, it was what cannot 
respond at all about the shake considered to become a problem most. 
[0005] It is thought that the image of the external world (it perceives) 
which human being recognizes through an eye is not the optical image 
itself by which image formation was carried out to the retina of an eye 
according to the principle of optics. That is, the consistency near a 
fovea is high and distribution of the light-receiving object on a retina 
(a cone and rod cell) has the low circumference. Therefore, if the 
optical image itself by which image formation was carried out to the 
retina is perceived, even if image formation of the optical image will 
be carried out ideally, near a core is clear and the circumference 
should be perceived as an image which faded. However, if it is a healthy 
eye, it will be sensed that it is visible clearly anywhere within a 
visual field. This is not a simple operation that the operation of 
consciousness detects the optical image projected on the retina as it is, 
but is because it is thought that it is a thing based on the result to 
which complicated processing was carried out by the neural information 
processor after a retina. 

[0006] According to this invention person s etc. research, direct 
simulation of such a consciousness operation could not be carried out, 
but when based on the fixed assumption which this invention person etc. 
found out, it was solved that the result of a consciousness operation is 
reproducible in approximation with an image processing. 
[0007] This invention is made under an above-mentioned background, and 
aims at offering the simulation approach of a piercing-eyes study system 
and equipment which make possible simulation also of the way of being 
visible accompanied by the shake at the time of wearing the lens system 
of a progressive multifocal lens etc. , distortion, dotage, etc. 
[0008] 

[Means for Solving the Problem] As above-mentioned The means for solving 
a technical problem, the 1st invention In the simulation approach of the 



piercing-eyes study system which carries out simulation of how when 
observing the external world through the lens system arranged in front 
of an eye to be visible As an image perceived by the eye through said 
lens system, it is not the optical image projected on the retina side of 
an eye. The simulation approach of the piercing-eyes study system 
characterized by creating and using the winding retinal image defined as 
an image which connected the image which was made to wind in an eyeball 
to all the body points within a visual field, and was caught by the 
fovea by computer simulation. It comes out. 

[0009] In the simulation approach of the piercing-eyes study system 
which carries out simulation of how for the 2nd invention to be [ when 
observing the external world through the lens system arranged in front 
of an eye ] visible As an image perceived by the eye through said lens 
system, it is not the optical image projected on the retina side of an 
eye. As a process which make wind in an eyeball to all the body points 
within a visual field, and creates the winding retinal image defined as 
an image which connected the image caught by the fovea, and it is made 
to use, and creates this winding retinal image The subject-copy image 
creation process which creates the image of the specific angle of 
visibility included in an eye with the specific winding central point as 
a subject-copy image, The distortion subject-copy image creation process 
which creates the distortion subject-copy image accompanied by the 
distortion at the time of seeing this subject-copy image through a lens 
system using the ray tracing method, The PSF acquisition process of 
calculating PSF on the retina of the eyeball model by the light from the 
body point of a subject-copy image in the optical system which consists 
of a lens system and a glasses model, It is the simulation approach of 
the piercing-eyes study system characterized by having the convolution 
operation process which carries out a convolution operation with PSF of 
each pixel of the distortion subject-copy image for which it asked at 
the distortion subject-copy image creation process, and the subject-copy 
image for which it asked at the PSF acquisition process. 
[0010] In the simulation approach of the piercing-eyes study system 
which carries out simulation of how for the 3rd invention to be [ when 
observing the external world through the lens system arranged in front 
of an eye ] visible The virtual body by computer graphics is created and 
arranged in virtual three-dimensions space. While creating the image of 
the specific angle of visibility included in the eye in which this 
virtual body establishes the winding central point in a specific 
location, and has the specific direction of a central vision line as a 
subject-copy image The subject-copy image creation process of finding 




the body point distance which is the distance of the body point location 
and the winding central point of an eye which each pixel of said 
subject-copy image represents, Set up said central vision line shunt on 
the lens system arranged before said eye, carry out outgoing radiation 
from a visual field core body point, and it passes through said central 
vision line shunt. When the visual field which asks for the beam of 
light which goes to said winding central point by the ray tracing method, 
and makes the direction of an outgoing radiation beam of light of this 
lens system searched for a central vision line is defined as a lens 
system passage back sight field, The distortion subject-copy image 
creation process which creates the image which asked for the direction 
and lens system shunt of a look to the body point that each pixel of 
said subject-copy image in this lens system passage back sight field 
corresponds, by the ray tracing method, and includes distortion by said 
lens system, The body point distance which introduced the eyeball model 
corresponding to accommodation as optical system of said eye, and was 
acquired at said subject-copy image creation process to each pixel of 
said subject-copy image, According to the frequency in the lens system 
shunt of the chief ray which carries out outgoing radiation, the 
accommodation condition of said eyeball model is set up from the body 
point acquired at said distortion subject-copy image creation process. 
In the synthetic optical system of said lens system and the eyeball 
model which wound according to the direction of a chief ray The PSF 
acquisition process of calculating PSF (Point Spread Function: point 
spread function) showing the luminance distribution on the retina of 
said eyeball model corresponding to accommodation by the light which 
carries out outgoing radiation from said body point, The convolution 
operation (convolution) of an image including distortion by the lens 
system created at said distortion subject-copy image creation process 
and PSF of each pixel obtained at said PSF acquisition process is 
performed. The simulation approach of the piercing-eyes study system 
characterized by having the convolution process which creates the 
winding retinal image at the time of seeing the virtual body arranged to 
said virtual three-dimensions space through the specific location of 
said lens system by the specific location and the eye of the direction 
of a look. 

[0011] In the simulation approach of the piercing-eyes study system 
which carries out simulation of how for the 4th invention to be [ when 
observing the external world through the lens system arranged in front 
of an eye ] visible The virtual body by computer graphics is created and 
arranged in virtual three-dimensions space. The story which changes and 



looks at the location, the direction of a central vision line, and lens 
system shunt of said eye to time series is created. It is the simulation 
approach of the piercing-eyes study system characterized by creating a 
winding retinal image using the simulation of each piercing-eyes study 
system which starts the 2nd invention at the time according to the story, 
editing this each retinal image and creating the dynamic image of a 
winding retinal image. 

[0012] In the simulation approach of the piercing-eyes study system 
which the 5th invention requires for the 2nd thru/or the 4th one of 
invention said PSF acquisition process Outgoing radiation is carried out 
from the body point which each applicable pixel represents, and it asks 
for all the data of the beam of light which passes along each point 
which divided the entrance pupil of said eyeball model equally, and set 
it up by the ray tracing method. PSF as beam-of-light spot distribution 
density on the retina of said eyeball model Or it is the simulation 
approach of the piercing-eyes study system characterized by asking as a 
diffraction integral based on wave optics. 

[0013] In the simulation approach of the piercing-eyes study system 
which the 6th invention requires for the 2nd thru/or the 4th one of 
invention said PSF acquisition process Set the body sample point of a 
finite number as three-dimensions object space beforehand, and the 
passage sample point of a finite number is chosen on said entrance pupil 
side. It asks for the beam-of-light data based on all combination with 
said body sample point and a shunt sample point by the ray tracing 
method. Create spline interpolation multiplier data and outgoing 
radiation is carried out from the body point which each pixel of said 
subject-copy image represents. It asks for the beam-of-light data which 
pass along each point which divided the entrance pupil equally by the 
spline interpolation method using said spline interpolation multiplier 
data prepared beforehand. PSF as spot distribution density of a retina 
top beam of light Or it is the piercing-eyes study system simulation 
approach characterized by asking as diffraction integration based on 
wave optics. 

[0014] In the simulation approach of the piercing-eyes study system 
which the 7th invention requires for the 2nd thru/or the 4th one of 
invention said PSF acquisition process Regularity of PSF carries out the 
approximation of function, express with the parameter, and the body 
sample point of a finite number is beforehand chosen as three-dimensions 
object space. It asks for PSF in all body sample points, and its 
approximation function parameter. It is the simulation approach of the 
piercing-eyes study system characterized by creating spline 



interpolation multiplier data and asking for the PSF parameter about 
each pixel of said subject-copy image by the spline interpolation method 
using said spline interpolation multiplier data prepared beforehand. 
[0015] In the simulation approach of the piercing-eyes study system 
concerning the 2nd thru/or the 7th one of invention, the 8th invention 
is the simulation approach of the piercing-eyes study system 
characterized by displaying whether it is the image with which these 
images let which location of said lens system pass on said image display 
means while displaying the dynamic image of said winding retinal image 
or said winding retinal image with an image display means. 
[0016] In the simulation equipment of the piercing-eyes study system 
which carries out simulation of how for the 9th invention to be [ when 
observing the external world through the lens system arranged in front 
of an eye ] visible The virtual body by computer graphics is created and 
arranged in virtual three-dimensions space. While creating the image of 
the specific angle of visibility included in the eye in which this 
virtual body establishes the winding central point in a specific 
location, and has the specific direction of a central vision line as a 
subject-copy image A subject-copy image creation means to find the body 
point distance which is the distance of the body point location and the 
winding central point of an eye which each pixel of said subject-copy 
image represents, Set up said central vision line shunt on the lens 
system arranged before said eye, carry out outgoing radiation from a 
visual field core body point, and it passes through said central vision 
line shunt. When the visual field which asks for the beam of light which 
goes to said winding central point by the ray tracing method, and makes 
the direction of an outgoing radiation beam of light of this lens system 
searched for a central vision line is defined as a lens system passage 
back sight field, A distortion subject-copy image creation means to 
create the image which asked for the direction and ** lens system shunt 
of a look to the body point that each pixel of said subject-copy image 
in this lens system passage back sight field corresponds, by the ray 
tracing method, and includes distortion by said lens system, The body 
point distance which introduced the eyeball model corresponding to 
accommodation as optical system of said eye, and was acquired at said 
subject-copy image creation process to each pixel of said subject-copy 
image, According to the frequency in the lens system shunt of the chief 
ray which carries out outgoing radiation, the accommodation condition of 
said eyeball model is set up from the body point acquired at said 
distortion subject-copy image creation process. In the synthetic optical 
system of said lens system and the eyeball model which wound according 



to the direction of a look A PSF acquisition means to calculate PSF 
(Point SpreadFunction: point spread function) showing the luminance 
distribution on the retina of said eyeball model corresponding to 
accommodation by the light which carries out outgoing radiation from 
said body point, The convolution operation (convolution) of an image 
including distortion by the lens system created at said distortion 
subject-copy image creation process and PSF of each pixel obtained at 
said PSF acquisition process is performed. It is simulation equipment of 
the piercing-eyes study system characterized by having a convolution 
means to create the winding retinal image at the time of seeing the 
virtual body arranged to said virtual three-dimensions space through the 
specific location of said lens system by the specific location and the 
eye of the direction of a look. 

[0017] In the simulation equipment of the piercing-eyes study system 
which carries out simulation of how for the 10th invention to be [ when 
observing the external world through the lens system arranged in front 
of an eye ] visible The virtual body by computer graphics is created and 
arranged in virtual three-dimensions space. The story which changes and 
looks at the location, the direction of a central vision line, and lens 
system shunt of said eye to time series is created. It is simulation 
equipment of the piercing-eyes study system characterized by having each 
means to create a winding retinal image using the simulation equipment 
of a piercing-eyes study system according to claim 8 at the time, and to 
edit this each retinal image and to create the dynamic image of a 
winding retinal image, according to the story. 

[0018] In the simulation equipment of the piercing-eyes study system 
concerning the 9th or 10th invention, the 11th invention is simulation 
equipment of the piercing-eyes study system characterized by having an 
image display means to indicate whether to be the image with which these 
images let which location of said lens system pass while displaying the 
dynamic image of said winding retinal image or said winding retinal 
image. 
[0019] 

[Embodiment of the Invention] Drawing showing the flow of the winding 
retinal image creation in the simulation approach of the piercing-eyes 
study system which drawing 1 requires for the example 1 of this 
invention, (Example 1) Drawing showing the system of coordinates of a 
winding retinal image when drawing in which drawing 2 shows the system 
of coordinates of a winding retinal image, and drawing 3 wear a lens 
system, Drawing in which drawing 4 shows the optical parameter 
(condition of not adjusting) of a Navarro schematic eye, Drawing in 



which drawing in which drawing 5 shows the accommodation force 
dependence type of the lens lens of a Navarro schematic eye, and drawing 
6 show the explanatory view of PSF, and drawing 7 shows the relation 
between ray tracing and an entrance pupil, drawing in which drawing 8 
shows the split plot experiment of an entrance pupil, and drawing 9 are 
drawings showing whenever [ retina location and incident angle ]. 
Hereafter, the simulation approach of the piercing-eyes study system 
concerning the example 1 of this invention is explained, making these 
drawings reference. 

[0020] The simulation approach of the piercing-eyes study system 
concerning this example is an approach of obtaining the static image of 
the winding retinal image when seeing the three-dimensions body image 
created with computer graphics through a lens. In addition, a winding 
retinal image is an image which reproduced in approximation the image 
perceived by the eye by performing the image processing which took the 
optical operation into consideration in the above-mentioned three- 
dimensions body image based on the fixed assumption which this invention 
person etc. found out. That is, it is made to wind in an eyeball not to 
the optical image projected on the retina side of an eye but to all the 
body points within a visual field, and is defined as a winding retinal 
image as an image which connected the image caught by the fovea. 
[0021] The simulation approach of the piercing-eyes study system 
concerning an example 1 is roughly divided, and consists of (1) subject- 
copy image creation process, (2) distortion subject-copies images 
creation process, a (3) PSF acquisition process, and (4) convolution 
processes. 

[0022] (1) This process creates and arranges the virtual body by 
computer graphics in virtual three-dimensions space like original image 
******. While creating the image of the specific angle of visibility 
included in the eye in which this virtual body establishes the winding 
central point in a specific location, and has the specific direction of 
a central vision line as a subject-copy image, it is the process which 
finds the body point distance which is the distance of the body point 
location and the winding central point of an eye which each pixel of 
said subject-copy image represents. It explains below. 
[0023] ** Create and arrange a virtual three-dimensions body to virtual 
three-dimensions space by the technique of creation **** of the virtual 
body image used as the foundation of a subject-copy image, and well- 
known computer graphics. For example, the image which has arranged a 
desk, a chair, furniture, etc. indoors or has arranged the flower bed, 
the tree, the indicator, etc. out in the fields is created. 



[0024] ** Create the image of the specific angle of visibility included 
in the eye in which the virtual body the subject-copy image carried out 
[ the body ] the creation above-mentioned creation establishes the 
winding central point in a specific location, and has the specific 
direction of a central vision line as a subject-copy image. That is, as 
shown in drawing 2 , it is visual field square drill Al A2 A3 A4 as a 
specific visual field. It sets up. Visual field square drill Al A2 A3 A4 
Core A is a core of a visual field. It is a central vision line, and the 
line which connects the winding core 0 to A makes this a x axis, and 
makes 0 a zero. And the winding retina coordinate of one point P (x y, 
z) of the arbitration which is the body point of the arbitration in a 
visual field square drill is made into psi=tan beta=y/x and zeta=tan 
gamma=z/x. Here, beta and gamma are the azimuths of P (x y, z). If each 
body point within a visual field is expressed with these system of 
coordinates, the straight line of the arbitration on space will be 
reflected as a winding retinal image top straight line. Let the image 
which expressed each body point with these system of coordinates be a 
subject-copy image. Moreover, each body point distance is found from the 
coordinate value of P (x y, z). 

[0025] (2) This process sets up said central vision line shunt like 
distortion Hara image ****** on the lens system arranged before an eye. 
When the visual field which carries out outgoing radiation from a visual 
field core body point, passes through said central vision line shunt, 
asks for the beam of light which goes to the winding central point by 
the ray tracing method, and makes the direction of an outgoing radiation 
beam of light of this lens system searched for a central vision line is 
defined as a lens system passage back sight field, It is the process 
which creates the image which asked for the direction and lens system 
shunt of a look to the body point that each pixel of the subject-copy 
image in this lens system passage back sight field corresponds, by the 
ray tracing method, and includes distortion by the lens system. 
[0026] That is, as shown in drawing 3 , Lens L is arranged in the 
location near 0 in the middle of the zeros 0 and A in drawing 2 . The 
beam of light by which outgoing radiation was carried out from the body 
point in a visual field square drill is refracted with Lens L, and 
reaches 0 points. Therefore, in order to gaze at an A point, an eyeball 
must be turned in the direction of alumnus. The visual field square 
drill showing a visual field also serves as Bl B-2B3 B4 (lens system 
passage back sight field). The winding retinal image at that time must 
take the system of coordinates which made x' shaft the gaze line (central 
vision line). Let the image by the body point coordinate which asked for 



this with ray tracing in consideration of the frequency of lens top each 
point, and asked for it in this way be a distortion subject-copy image. 
[0027] In addition, as mentioned above, when it lets a lens pass, unlike 
the case where the coordinate on the winding retinal image of each point 
within a visual field is the naked eye, relative-position relation will 
change. This is the cause which distortion of a spectacle lens generates. 
The direction of alumnus changes with lens use locations. Especially in 
the case of a progressive lens, change is sharp. The include angle which 
carries out incidence of other beams of light within a visual field to 
an eye changes, and since the change is unequal when it is especially a 
progressive lens, it is perceived as a shake or distortion. 
[0028] (3) The body point distance which this process introduced the 
eyeball model corresponding to accommodation as optical system of an eye, 
and was acquired at the subject-copy image creation process to each 
pixel of a subject-copy image like PSF ******, In synthetic optical 
system with the eyeball model which set up the accommodation condition 
of an eyeball model according to the frequency in the lens system shunt 
of the chief ray which carries out outgoing radiation from the body 
point acquired at the distortion subject-copy image creation process, 
and wound according to a lens system and its direction of a chief ray It 
is the process which calculates PSF (Point Spread Function: point spread 
function) showing the luminance distribution on the retina of the 
eyeball model corresponding to accommodation with the beam of light 
which carries out outgoing radiation from a body point. 
[0029] ** Since the image the introductory distortion subject-copy image 
of the eyeball model corresponding to accommodation carried out [ the 
image ] image formation on the retina through the optical system of an 
eye is a winding retinal image, the model of the optical system of an 
eye needs to be introduced. In this case, since there is accommodation 
in an eye according to the object distance, it must also be taken into 
consideration. In this example, the accommodation dependency eyeball 
model by R-Navarro and others who is an eyeball model also in 
consideration of accommodation was used. In the model of Navarro, not 
only a paraxial value but spherical aberration and chromatic aberration 
are doubled with the actual measurement of an eye. With an easy 4th page 
configuration, the 3rd page is the aspheric surfaces of a quadratic 
curve among those. A lens does not become refractive-index distribution 
structure, but is simple for trace count. Whenever [ radius-of-curvature, 
thickness, and aspheric surface ] changes in proportion to the logarithm 
of accommodation power. The optical parameter at the time of no 
adjusting [ of the accommodation dependency eyeball model of Navarro ] 



was shown in drawing 4 . Moreover, the dependence type of the parameter 
which carries out accommodation dependence was shown in drawing 5 . The 
aspheric surface is expressed with y2+z2+(l+Q) x2-2Rx=0. Q is whenever 
[ aspheric surface ]. 

[0030] ** It asks by the optical image by optical system asking the 
general semantics of count a. PSF of PSF for PSF (Point SpreadFunction: 
point spread function) of optical system, and calculating by collapsing 
this with a real image to it (convolution). As shown in drawing 6 , this 
PSF is a function showing the state of aggregation of the point (spot) 
that the beam of light emitted from one point of a real object is 
condensed by the image formation side, and can be expressed with the 
number of spots per unit area. If it is perfect optical system, PSF will 
serve as the configuration where all the spots were similar to the 
Gaussian distribution which usually spread although it became with the 
assembly and the straight line with the perpendicular distribution at 
the image formation point. Since it is thought that the body consists of 
points, the image is obtained by objective luminance distribution and 
the convolution of PSF. 

[0031] b. Count approach drawing 7 of PSF is drawing showing the 
relation between a trace beam of light and an entrance pupil in the 
optical system for calculating PSF at the time of seeing the body point 
P through Q on a lens. The beam of light from the body point P is 
refracted on Q lens front faces, and the injection direction changes and 
reaches a center of rotation 0. The body point P seems to be on the 
production of the direction Q0 of a injection beam of light in an eye. 
Thus, when seeing P, it winds in the optical axis of an eyeball in the 
Q0 direction first, and it adjusts by deciding regulation according to 
the distance of P, and the refractive power of Q points. Optical system 
solidifies at this time and PSF can be calculated. 
[0032] As mentioned above, PSF is the consistency of the spot on an 
image formation side of the beam of light which passed through the core 
of the field of a large number which were emitted from the body point 
and divided the entrance pupil equally. When the location of an entrance 
pupil is said strictly, it is the body side conjugate point of a pupil. 
However, a pupil location changes with winding and the location of the 
conjugate point changes also with accommodation conditions. On the other 
hand, the location based on winding has a minute distance with the 
conjugate point of a pupil compared with the object distance, in being 
immobilization. Therefore, in the case of the naked eye, even if it 
considers the location of an entrance pupil to be a winding core, it 
does not interfere. Although the entrance pupil of the whole optical 



system is the conjugate point to the spectacle lens of the winding 
central point when glasses are worn, in the case of a progressive lens, 
power differs and the location changes with shunts delicately. Since the 
variation is also minute as compared with the object distance, the 
location of an entrance pupil is in 0' point on the production of PQ, and 
can be assumed to be P0=P0' . 

[0033] In order to calculate exact PSF, it is important to divide an 
entrance pupil into many small fields of homogeneity distribution. Like 
drawing 8 , there are two kinds of split plot experiments, grid division 
and zona-orbicularis division. Although good uniformity is acquired, 
since grid division has the useless part of four corners, it can be 
pursued about 70% of a schedule beam of light. On the other hand, the 
beam of light of a book can be pursued by the zona orbicularis of an 
individual, the phase angle of the zona orbicularis can be adjusted, and 
the uniformity of a spot can be raised by zona-orbicularis division. The 
zona-orbicularis split plot experiment was adopted in this example. 
[0034] Thus, PSF pursues the beam of light of a large number which 
discharge from a body point and pass the equal segmentation point of an 
entrance pupil, and it is obtained by counting the spot on a retina side. 
However, this PSF is the function of a retina location (ym and zm), and 
a direct convolution operation cannot be carried out with the winding 
retinal image which makes a coordinate the tangent (psi, zeta) of an 
angle of torsion. Therefore, it is necessary to ask for the include 
angle of the incident ray corresponding to a retina location. In almost 
all cases (ym and zm), from an optical axis, since it is near, the 
formula of paraxial optics is applicable. That is, the angle of 
deviation (betam and gammam) from the optical axis of the incident ray 
corresponding to (ym and zm) like drawing 9 is tanbetam. =ym/f and 
tangammam It is =zm/f. Here, f is the focal distance of an eyeball. 
Although the relational expression of an incident angle and a retina 
location changes according to the object distance and an eye- 
accommodation condition strictly, since the object distance is very long 
compared with a focal distance in the case of an eye, it can be regarded 
as the method of infinite distance. 

[0035] Considering the case where the arbitration body point P of 
drawing 7 is seen, the angle of deviation of the include angle from the 
gaze line corresponding to a retina location (ym and zm) is carried out 
further (betam and gammam) from whenever [ vectorial angle / of P ] 
(beta, gamma). Generally wanting to be careful here does not need to be 
set to (beta+betam and gamma+gammam) , but it needs to ask for the 
include angle using the principle of listing winding. Thus, PSF on the 



retina for which it asked with ray tracing (ym and zm) could be changed 
into PSF on an incident ray include-angle coordinate (psi, zeta), and 
the convolution with objective luminance distribution became possible. 
The outline procedure of PSF acquisition explained to drawing 10 above 
was collectively shown as the PSF acquisition approach 1. 
[0036] (4) It is the process which creates the winding retinal image at 
the time of seeing the virtual body which it collapsed, and this process 
performed like ** the convolution operation (convolution) of a 
distortion subject-copy image including distortion by the lens system 
created at the distortion subject-copy image creation process, and PSF 
of each pixel obtained at the PSF acquisition process, and has been 
arranged to virtual three-dimensions space through the specific location 
of a lens system by the specific location and the eye of the direction 
of a look. A convolution operation is performed by [ as being the 
following ]. When PSF [ in / for the optical intensity distribution of 
the ideal image in the image surface / f (mu, nu) and a point (mu, nu) ] 
is set to p (x mu, u, v), the optical reinforcement in the point on a 
retina (mu, nu) is expressed with the following formula. 



[0038] Here, p (u, v, u-mu, v-nu) is the value of PSF in the point which 
is separated from each point (u, v) (u-mu, v-nu). Moreover, a is the 
breadth radius of PSF. The static image of a winding retinal image can 
be obtained by asking for optical reinforcement in all the points on a 
retina using this formula. Drawing 11 is drawing showing the example of 
the static image of the winding retinal image acquired by the approach 
of an example 1. This example is 0. 00D for ******. It is 333mm about the 
printed matter which lets a part for the reading point of the 
progressive lens for glasses of subscription 2. 00D (H0YALUX GP; trade 
name of Hoya Corp. ) pass, and is in pinacoid. It is a winding retinal 
image at the time of seeing in distance. Visual fields are 50 degrees of 
right and left, and 38. 5 degrees of upper and lower sides. The round 
shape of an upper right corner is a display to show the lens shunt 
location of a central vision line. Although this shunt location is not 
discriminable by a diagram, it is shown in respect of red in circular. 
This round shape expresses the profile of a lens, the point given to the 
core in circular shows the geometric core of a lens, and up-and-down 0 
mark of a geometric core shows the point of measurement for ** (above), 



[0037] 

[Equation 1] 




and the point of measurement for Kon (below). It is shown that the mark 
which used R characters as the flesh side is a right lens. The example 
of drawing 11 is an example in case the lens shunt of a central vision 
line is on the point of measurement for Kon (lower 0). It turns out that 
the dotage and distortion in right and left are reproduced vividly. 
[0039] According to this example, when it sees through the lens system 
of a progressive multifocal lens etc., the image which reproduced the 
dotage perceived and distortion in approximation is obtained. That is, 
if it is the healthy naked eye, the whole visual field will be perceived 
vividly, but when the presbyope wears a progressive multifocal lens, a 
part of visual field looks clear, and other parts are visible with 
dotage or distortion. According to this example, the image which such 
presbyope will perceive is reproducible as an image. Therefore, if the 
obtained image is displayed on a display, the most desirable evaluation 
[ say / that the designer itself who is not a presbyopia, either can 
check the vanity taste of the progressive multifocal lens designed 
itself from a wearing person's viewpoint ] will be attained. 
[0040] (Example 2) This example is an example which creates many static 
images of the winding retinal image in an example 1 to time series, 
changing the location and the direction of a look of an eye, and obtains 
the dynamic image of a winding retinal image. Therefore, since the 
outside which adds the process which creates the story of how to change 
the location and the direction of a look of an eye into time series, and 
the process which edits one-sheet the static image of one sheet obtained 
by time series, and is used as a dynamic image is fundamentally the same 
as an example 1 in case this example creates a subject-copy image, 
drawing showing the whole flow is hung up over drawing 11, and that 
detail explanation is omitted. In addition, of course, the story of a • 
lens shunt is also required for a story. Moreover, if not all the 
location, direction of a look, and lens shunt of an eye in time of day 
are appointed but a spline interpolation method is taken as the approach 
of story creation, smooth look migration will be realized. 
[0041] By the way, in this example, the process which computation etc. 
takes time amount most is a PSF acquisition process. Since PSF(s) in all 
the directions of a look differ especially when a lens system is a 
progressive multifocal lens, it is necessary to calculate PSF from all 
pixels. For example, 800x600 It is the whole if the number of the beam 
of light pursued by the image when calculating PSF is set as 400 (many 
[ never ]). Ray-tracing count will be performed 192,000,000 times. 
Although based also on the complexity and the number of fields of a 
field of optical system, the count capacity of a computer is 3,000 



during a second. If it assumes that it is a book, it will have been 
64,000 seconds, i.e., 17 hours, 46 minutes, 40 seconds. This is the 
computation time when having not taken need time amount, such as a 
convolution operation, into consideration yet. Since this simulation 
aims at an animation, it is 30 during a second coma, and in order to 
create the image for 1 minute, simulation of the image of 1800 sheets 
must be carried out. Then, time amount 32,000-hour = 1333 days, and 
about 3 Year 8 It cuts in the KA moon. [ of ray tracing ] Therefore, PSF 
Although it is theoretically possible, it is not very realistic to 
depend only on ray tracing and to ask, if it thinks from the hugeness of 
computational complexity. 

[0042] Then, what was considered is the approach of carrying out ray 
tracing to not all body points, but performing ray tracing only at a 
sample point, and searching for by spline interpolation about other 
points. Although you may express by rectangular coordinates (x y, z), 
since the distance from an eye is important in the case of glasses, the 
space top any selected point A is the inverse number Dl of the distance 
from a center of rotation. To express with the tangents psi and zeta of 
an azimuth is more suitable. That is, [0043] 
[Equation 2] 



[0044] It comes out. The beam-of-light data (tkm of the incident ray 
corresponding to the intersection on a retina, cfm, optical path length, 
etc.) which pursue the arbitration beam of light emitted from Point A, 
i.e., the beam of light which passes a temporary entrance pupil flat- 
surface top any selected point (yp, zp), and are obtained are Dl, psi, 
zeta and yp, and zp. It is a function. That is, it can express by tkm 
=Ft (Dl, psi, zeta and yp, and zp), ckm =Fc (Dl, psi, zeta and yp, and 
zp), and pkm =Fp (Dl, psi, zeta and yp, and zp). When considering 
chromatic aberration, it is good to add a wavelength dimension further. 
Each variable Dl, psi, zeta and yp, and zp A sample point is prepared in 
the suitable number for each predetermined within the limits, and a 
location, and it is the 5. If ray tracing is performed beforehand and it 
asks for beam-of-light data from all the sample points on a dimension 
grid, it can ask for the beam-of-light data about an any selected point 
by spline interpolation predetermined within the limits (5 dimension 
box) . 

[0045] Next, improvement in the speed of a spline interpolation 
operation is considered. Single dimension spline interpolation is 




[Equation 3]. 

F{x)=f i C i N i (x) 

It is come out and expressed. Here, i is the joint number of each 
dimension, and Ci. The multiplier and n are the numbers of sample points, 
nickel (x) is a basis function corresponding to a No. i joint, and in 
the case of Rank M, it has the value which is not zero in the range 
between a No. i joint and an i+M watch joint, and is expressed with m- 
primary polynomial between adjacent nodes (partiality of a basis 
function), nickel which in other words in the point arbitration a within 
the domain of x, and is not the zero of M individual Only (x) exists. 
Therefore, although a interpolation type looks like n ******s apparently, 
in x=a, it is a real M term, and F (a) is obtained by M multiplication 
and M addition. 5-dimensional spline interpolation is [0046]. 
[Equation 4] 

[0047] It is come out and expressed. Here, i, j, k, 1, and m are the 
joint numbers of each dimension, and only the number of sample points 
changes, respectively. That is, the number of terms becomes the product 
of the number of sample points of each dimension. However, the number of 
the terms which are not zero about one certain point by the partiality 
of an above-mentioned basis function is the product of the rank of each 
dimension. When the spline rank of each dimension is 4, the number of 
terms is 45 = 1024. That is, by one interpolation operation, it will 
carry out multiplication 1024x 5 = 5120 times 1024 addition. Generally, 
the count of multiplication required for the Mth floor spline 
interpolation operation of nj dimension is njxMnj, and its count burden 
increases rapidly as a number of dimension becomes large. However, it is 
an upper type [0048] 
[Equation 5] 

[0049] If it is alike and rewrites, it can reduce a little. This is the 
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nested structure of 1-dimensional interpolation, and the sequence of a 
dimension can be changed freely. Both multiplication and addition are 
4+4x(4+4 x (4+4x4)) =1364 times, and can be managed with the computation 
time of 3 about 1/. Generally, the count of multiplication required for 
the Mth floor spline interpolation operation of nj dimension is [0050]. 
[Equation 6] 

tt M-1 X ' 

[0051] It comes out. Even if it takes in such a policy, still, 
computational complexity is large and is not practical. Generally, 
probably, it will be difficult to shorten the operation time of multi- 
dimension spline interpolation further from the above-mentioned approach. 
However, when calculating PSF, the special situation, therefore approach 
shortened more exist. In order to calculate PSF of one point (DO, psi 0, 
and zeta 0) on a body, the beam-of-light data connected to the point of 
entrance pupil side (yp and zp flat surface) upper a large number (for 
example, 400) are required. 400 The variable of the three dimensions of 
5-dimensional time spline interpolation will put in the same value. It 
is the 400. If a time is interpolated by 2-dimensional spline 
interpolation, large compaction of computation time is possible. A 5- 
dimensional spline interpolation type is rewritten as follows. 
[0052] 

[Equation 7] 

[0053] This formula expresses how to ask for 2-dimensional space when 
the variable of three dimensions is decided among 5-dimensional spline 
space. Here, this 2-dimensional spline is called degeneration space of a 
point (DO, psi 0, and zeta 0), and they are cl and m. It is the 
multiplier of a degeneration spline. Of course, all of the joint of a 
degeneration spline and a basis function are the same as that of a 5- 
dimensional spline, cl and m A number is the product of the number of 
sample points, and is yp and zp. Each of both dimensions 9 They are 81 
pieces when setting up the sample point of a point. In order to ask for 
each multiplier, three-dimensions spline interpolation is used like a 
formula. And cl and m which were obtained It uses and is yp~zp. 2- 



dimensional spline interpolation count of the beam-of-light data of one 
field top arbitration can be carried out. Therefore, 81 three-dimensions 
interpolation and 400 PSf in Point c can be obtained only by performing 
2-dimensional interpolation count of a time. The count of multiplication 
is 81x {/(4-1)} (4 3-1) +400 x {4/(4-1)} (4 2-1) =14804. It is a time and 
is 1. It is about 37 times per beam of light. [ 4 ] 400 The reduction 
effectiveness of computational complexity is more remarkable than 5- 
dimensional interpolation of a time. An activity of the above-mentioned 
approach obtains beam-of-light data by the time amount of 1/10 of ray 
tracing. The outline procedure of PSF acquisition explained to drawing 
12 above was collectively shown as the PSF acquisition approach 2. 
[0054] Next, parameterization of PSF is considered. 10 times as many 
calculation speed as this was realized by calculating beam-of-light data 
by the spline interpolation method instead of ray tracing as above- 
mentioned. Even so, it is 3 for creating the image for 1 minute. Year 8 
KA moon (44 KA moon) It is business time amount 4.4 It was shortened in 
the KA moon. 1 It is 64000 when it says by the processing time per coma. 
Second (17 time amount 46 minutes and 40 seconds) 6400 seconds (1 hour, 
46 minutes, 40 seconds) It was only shortened. It is 1 practical. I want 
to carry out the processing time per coma in several minutes. Since the 
count for acquiring PSF starts most by the present approach as for time 
amount, it is most effective to shorten it. 

[0055] In order to acquire PSF of a certain body point (DO, psi 0, and 
zeta 0) strictly, many beams of light must be pursued or interpolated, 
and it must ask for the beam-of-light consistency. And obtained PSF It 
is the discrete function of a pixel unit and a consistency also becomes 
the form of the number of beams of light per pixel, case (the focus is 
correct) where the beam of light is concentrating Although a lot of 
numbers of beams of light go into a small number of pixel and it is 
close to a continuous function, it is scattered broadly (a focus does 
not suit), a case — a unit pixel — entering — a beam of light — a 
number — few — an error — being large . In order to cover it, a lot 
of beams of light are needed increasingly. Then, if PSF is beforehand 
assumed to a continuous function and the parameter is applied using the 
data of ray tracing, it can escape from the above-mentioned dilemma. And 
it is not necessary to ask for the parameter in all body points, a 
sample point is set, and it is spline interpolation (three dimensions). 
It can ask. 

[0056] Now, if the point of what should just make a distribution 
function what kind of function is examined, since almost all PSF(s) have 
a form of a crest, 2-dimensional normal distribution will be suitable 



for them, and they will be considered to be ****. That is, [0057] 
[Equation 8] 



,exp 



[0058] here — mu and nu — respectively — tk, the amount of deviations 
from the chief ray of the cf direction, and sigma — mu and sigma — nu 
and rho are the parameters of normal distribution. These parameters have 
the following property. - nu> Krho<lsigmamu>OsigmaO ellipse [several 9] 
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It sets at the point (mu, nu) of ******, and is [Equation 10]. 



/W)= 



exp 



It comes out. And the integral in the ****** ellipse is [Equation 11]. 



P(c)= jjfif,, v)ifulv = 1-expf- yj 



[0059] Like drawing 13 , a form is determined by form sigma mu/sigma nu 
and rho of a bounding rectangle, and, as for a same probability ellipse, 
magnitude is decided with the number c of radii. When the equation of an 
ellipse is rewritten to a polar coordinate, the ellipse at the time of 
c= 1 is [Equation 12]. 
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It becomes. It is [Equation 13] when it is arranged. 

2(1 -P 2 ) 
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It becomes. It is here and is [Equation 14]. 
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tan 2a = 



It comes out. Thus, since A>B is materialized certainly, the die length 
of the maximum of gamma and the minimum value, i. e. , the merits-and- 
demerits shaft of an ellipse, is [Equation 15]. 

ffiU A-B 
mlB A+B 

The include angle of a merits-and-demerits shaft is with alpha, and 
alpha+pi/2. These are the important amounts for evaluating the 
astigmatism dotage direction and extent. 

[0060] Thus, a 2-dimensional normal distribution function can express 
extent (sigmamu, sigmanu) of breadth, extent (same probability ellipse 
merits-and-demerits axial ratio) of astigmatism dotage, and an include 
angle (include angle of a major axis). Although change near the infinity 
by the condition of the optical system of PSF, of course cannot be 
expressed faithfully, probably, it will be effective as a simple 
function expressing PSF. 

[0061] the parameter sigma of a 2-dimensional normal distribution 
function — mu and sigma — the statistic of the intersection (each 
intersection corresponds to each dividing point on an entrance pupil) of 
the beam of light of a large number considering how to ask for nu and 
rho from beam-of-light data sprinkled at a flat surface (mu, nu) — 
asking — sigma — mu and sigma — the approach of hitting to nu and rho 
is appeared automatically. That is, [Equation 16] 




It comes out. Here, N is the number of beams of light, and (mui and nui) 
are intersection coordinates. sigmamuO, sigmanuO, and rho are the 
statistics of distribution to the last, and, in many cases, are not 
suitable as a parameter of approximation normal distribution. Drawing 14 
shows the example. A left-hand side crest shows the intersection 
consistency, and the right-hand side crest shows the normal distribution 
which made the parameter sigmamuO, sigmanuO, and rho. 
[0062] When the normal distribution which applied sigmamuO, sigmanuO, 
and rho directly is adopted like drawing 14 , although the direction of 
a main shaft and the merits-and-demerits axial ratio are based on actual 
distribution, they are considerably different widely with distribution 
with actual extent of breadth. Therefore, the suitable proportionality 
coefficient k is defined and they are sigma mu=ksigmamu 0 and sigma 
nu=ksigmanu 0. If it applies, it will be thought that approximation 
quite near actual distribution is obtained. Although it will be said how 
a problem determines k, about this, a hint can be obtained on the 
related curve of probability [ inside a same probability ellipse ] P (c), 
and the half-multiplier c. P (c) curve of normal distribution when a 
parameter changes into sigma mu=ksigmamu 0, sigma nu=ksigmanu 0, and rho 
is Pk. It is (c) =l-exp (-c2/2 k2). Pr of actually the distribution by 
it What is necessary is just to decide k to bring close to the (c) curve. 
[0063] Drawing 15 is P (c) of the example of drawing 14 , and Pk. (c) 
and Pr The curve of (c) is plotted. When asking for approximation of PSF 
distribution, especially the amount of core is important. Therefore, c 
is Pr when small. Pk near [ as possible ] the (c) curve (c) is desirable. 
Curvilinear [ at the time of applying a statistic sigmamuO, sigmanuO, 
and rho as it was ] P (c) is the actual distribution Pr. It is separated 
and (c) is unsuitable as an approximation distribution function. The 
curve Pk of the normal distribution which, on the other hand, applied 
sigma mu=ksigmamu 0 of k= 0.65, sigma nu=ksigmanu 0, and rho (c) is Pr 
near a core. There are many parts which are in agreement with the (c) 



curve, and it can observe that it is approximation near actual 
distribution, drawing 1616 — sigma mu=ksigmamu 0 — it is the 
comparison with normal distribution and actual distribution about sigma 
nu=ksigmanu 0 and rho. 

[0064] In deciding the value of k, the following approaches are taken in 
this example. First, Pr The (c) curve and Pk Probability P0 of the point 
A that the (c) curve crosses A value is decided. By near [ a core ] 
serious consideration, it is P0 =0.1 here. It carries out. It is P(c) 
=P0 on P(c) curve. At a point, it is [Equation 17], 



It comes out. Pr c=Cr of (c) curvilinear A point it is — if — k=Cr / 
CO It becomes. 

[0065] Although other approaches are considered, they are the simplest 
(for example, to make the difference of Pr (c) and Pk (c) into min near 
a core). [ of the above-mentioned approach ] thus, the PSF distribution 
function of one object space top arbitration (DO, psi 0, and zeta 0) — 
Parameter sigma — mu and sigma — it can approximate with a 2- 
dimensional normal distribution function with nu and rho. all the body 
points that encounter the process of simulation, of course — receiving 
— sigma — mu and sigma — nu and rho — it is not necessary to ask — 
sigma in a sample point — mu and sigma — sigma [ in / using it / ask 
only for nu and rho beforehand and / an arbitration body point ] — mu 
and sigma — it can ask for nu and rho by spline interpolation. It can 
save computation time sharply. 

[0066] By parameterizing a PSF distribution function, it is 1. It is the 
processing time per coma 1 It succeeded in being shortened from time 
amount 46 minutes and 40 seconds in about 2-10 minutes. Width of face 
is in the processing time because the processing time changes with 
extent of dotage. For creating the image for 1 minute, it is about 100. 
It is about time amount, i.e., one week. The outline procedure of PSF 
acquisition explained to drawing 17 above was collectively shown as the 
PSF acquisition approach 3. 

[0067] According to the above-mentioned example 2, when it sees through 
the lens system of a progressive multifocal lens etc. , in addition to 
the dotage and distortion which are perceived, the location of an eye is 
changed or the dynamic image reproducing the shake at the time of moving 
a look is obtained. Therefore, the **** evaluation which is full of 
presence from which oneself became a wearing person is attained by 
displaying the obtained dynamic image on a display. If a look displays 




the point of passing a lens on the display face of the dynamic image of 
this winding retinal image, checking the migration on the lens of a look, 
it fades and a distortion shake can be seen. 

[0068] Next, the equipment for performing simulation shown in the above- 
mentioned example is explained briefly. Drawing 18 is the block diagram 
showing the outline configuration of the equipment for performing 
simulation of an example. As shown in drawing 18 , this equipment 
consists of a processor 61, the read-only graduation (ROM) 62, main 
memory 63, the graphic control circuit 64, an indicating equipment 65, a 
mouse 66, a keyboard 67, the hard disk drive unit (HDD) 68, a floppy 
disk drive unit (FDD) 69, a printer 70, and magnetic-tape-unit 71 grade. 
These elements are combined by the data bus 72. 

[0069] A processor 61 controls the whole equipment in generalization. It 
rises to a programmable read only memory 62, and a sometimes required 
program is stored. The simulation program for performing simulation is 
stored in main memory 63. The graphic control circuit 64 changes the 
obtained image data into a status signal including video memory, and 
displays it on a display 65. A mouse 66 is a pointing device which 
chooses various kinds of icons on an indicating equipment, a menu, etc. 
A system program, a simulation program, etc. are stored and loading of 
the hard disk drive unit 68 is carried out to main memory 63 after 
powering on. Moreover, simulation data is stored temporarily. 
[0070] A floppy disk drive unit 69 inputs the data which need subject- 
copy image data etc. through floppy 69a, or carries out saving to floppy 
69a if needed. Printer equipment 70 is used for printing out a winding 
retinal image etc. It is used for a magnetic tape unit 71 carrying out 
saving of the simulation data to a magnetic tape if needed. In addition, 
it can constitute, using the personal computer and the common general 
purpose computer of high performance as equipment which has the basic 
configuration described above. 
[0071] 

[Effect of the Invention] As explained in full detail above, the 
simulation approach of a piercing-eyes study system and equipment 
concerning this invention As an image perceived by the eye through a 
lens system, it is not the optical image projected on the retina side of 
an eye. It is what is characterized by creating and using the winding 
retinal image defined as an image which connected the image which was 
made to wind in an eyeball to all the body points within a visual field, 
and was caught by the fovea by computer simulation. Furthermore, the 
subject-copy image creation process which creates the image of the 
specific angle of visibility included in the eye in which creation of a 



winding retinal image has the specific winding central point as a 
subject-copy image, The distortion subject-copy image creation process 
which creates the distortion subject-copy image accompanied by the 
distortion at the time of seeing this subject-copy image through a lens 
system using the ray tracing method, The PSF acquisition process of 
calculating PSF on the retina of the eyeball model by the light from the 
body point of a subject-copy image in the optical system which consists 
of a lens system and a glasses model, It is characterized by carrying 
out by carrying out a convolution operation with PSF of each pixel of 
the distortion subject-copy image for which it asked at the distortion 
subject-copy image creation process, and the subject-copy image for 
which it asked at the PSF acquisition process. Furthermore, it is 
characterized by editing the acquired winding retinal image and asking 
for the dynamic image of a winding retinal image, and a PSF creation 
process is further characterized by setting a sample point as a body 
point, calculating PSF, and calculating PSF(s) other than a sample point 
using approximation including a spline interpolation method. It makes it 
possible to obtain the simulation approach of a piercing-eyes study 
system and equipment which make possible simulation also of the way of 
being visible accompanied by the shake at the time of wearing the lens 
system of a progressive multifocal lens etc. , distortion, dotage, etc. 
by this. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the flow of winding retinal image 
creation. 

[Drawing 2] It is drawing showing the system of coordinates of a winding 
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retinal image. 

[Drawing 3] It is drawing showing the system of coordinates of the 
winding retinal image at the time of wearing a lens system. 
[Drawing 4] It is drawing showing the optical parameter (condition of 
not adjusting) of a Navarro schematic eye. 

[Drawing 5] It is drawing showing the accommodation force dependence 
type of the lens lens of a Navarro schematic eye. 
[Drawing 6] It is the explanatory view of PSF. 

[Drawing 7] It is drawing showing the relation between ray tracing and 
an entrance pupil. 

[Drawing 8] It is drawing showing the split plot experiment of an 
entrance pupil. 

[Drawing 9] It is drawing showing whenever [ retina location and 
incident angle ]. 

[Drawing 10] It is drawing showing the PSF acquisition approach 1. 
[Drawing 11] It is drawing showing the example of the static image of a 
winding retinal image. 

[Drawing 12] It is drawing showing the flow of dynamic-image creation of 
a winding retinal image. 

[Drawing 13] It is drawing showing the PSF acquisition approach 2. 
[Drawing 14] It is drawing showing a ****** ellipse. 

[Drawing 15] It is drawing showing the approximation normal distribution 
by beam-of-light density distribution and sigmamuO, sigmanuO, and rho. 
[Drawing 16] P (c), Pk c, and Pr It is drawing showing the curve of (c). 
[Drawing 17] It is drawing showing the approximation normal distribution 
by beam-of-light density distribution and ksigmamuO, ksigmanuO, and rho. 
[Drawing 18] It is drawing showing the PSF acquisition approach 3. 
[Drawing 19] It is the block diagram showing the configuration of the 
equipment for enforcing the simulation approach of the piercing-eyes 
study system concerning this invention. 
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[Drawing 13] 
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[Drawing 18] 
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